Abstract. In this research the composition of polyurethane open cell (PUOC) with two concentrations of SiO 2 nanoparticles (1 and 2wt. %) have been prepared. Optical microscopy imaging, watering uptake, FTIR and Raman spectroscopy of the synthesized samples were measured. The optical microscopy imaging of samples showed differences in the appearance of matrix by applying of different amount of SiO 2 nanoparticles. Variations of the water uptake of specimens were related to the function of SiO 2 nanoparticles (NPs) and their concentrations. The degree of phase separation and the hydrogen bonding index in samples were evaluated in terms of their FTIR spectroscopy data. The apparent and real densities of foams were measured and then total porosity, open porosity and close porosity of samples were calculated. According to creating voids in polyurethane, the apparent and real density has different behavior by adding of SiO 2 nanoparticles (NPs). The open porosity of samples is increased by adding the amount of nanoparticles but the close and total porosity are decreased.
Introduction
Polyurethane (PU) foams have found applications in industry as general use, coating, synthesizing and preparing leathers, construction panel sandwich structures, fibers, foams and so on [1] [2] [3] . The material is in various shapes and can be produced with close-cell structure to be more rigid or with an open-cell structure to be more flexible [4] .
Organic-inorganic composite materials are mostly investigated by scientists due to having both advantages of organic polymers and inorganic materials such as flexibility, ductility, rigidity, high thermal stability that get from both of inorganic and organic agents [5] .
Silica NPs is one of the most interesting inorganic materials with high specific surface area and high surface energy that is useful for improving of polymer matrix especially in mechanicalthermal-chemical properties [3] . The purpose of this study is to examine the present of silica in PU matrix with considering and focusing on the optical and mechanical properties.
Materials and Method
Silicon Oxide nanoparticles (99.5+%, S-type, spherical particles, 15-20 nm, amorphous) was purchased from US Research Nanomaterials, Inc. Diphenyl methane diisocyanate (MDI, density=1.23g/cm 3 ), polyether polyol (SROC 1 , density=1.1g/cm 3 ) and blowing agent (in SROC water) was prepared from Exxon Panah co., Ltd., Tehran, Iran.
Preparation of PUOC/SiO 2 .The SiO 2 NPs (1 and 2 wt. %) were dissolved into open cell polyol part under vigorous electrical vortex shaker for 20 seconds with 3000 rpm until a homogenize 1 Semi Rigid Open Cell solution was reached. After that MDI parts was added at 2000rpm for 4-5 seconds. The whole reaction lasts 10-12 seconds until formation of foam. The ratio of polyol:MDI was 1 (2ml):1(2ml). For next analyzing the slices of sample with 1mm diameter are soaked in liquid nitrogen gas.
Results and Discussion
Microscopic Evaluation. The optical microscopy is one of the useful methods for determining cell sizes of PUOC nanocomposite. Thin layers of samples with thicknesses of about 1mm were cut perpendicular to the rising direction of foam and were soaked in liquid nitrogen gas for obtaining the freeze-fractured surfaces of all samples and preparing for next examination. Fig. 1 shows the transmitting optical microscopy images consequently for PUOC including SiO 2 NPs. It can be seen in Fig. 1 that the cell size of PUOC nanocomposites were decreased by increasing of SiO 2 NPs in pure PUOC. Although it is reasonable, increasing SiO 2 NPs up to 2wt. % destroyed the inner structure of PUOC nanocomposite.
Real and Apparent Density. In this section, three different pieces of samples were cut and used for evaluating the previously mentioned results. For measuring apparent density (bulk density), it is enough to divide the masses by the related volumes. Archimedes' principle and hydrostatic balance of immersing samples in water is a useful method for measuring the bulk density of a porous material. However the real density of the samples were obtained by immersing samples in water and recording the water displacement (pycnometry) as it assigned to the ratio of its mass to the volume enclosed by an envelope of water surrounding the foam [6] . Fig. 2 and 3 show the real and apparent density of PUOC foams versus the SiO 2 NPs loading segments. Considering water absorption of NPs, the real density of samples is higher than the apparent density of them. On the other hand, the mean cell size of samples has opposite relationship with density then by adding SiO 2 NPs into PUOC the mean cell size decreases but the real and apparent density increases. FTIR Spectroscopy Analysis. The FT-IR spectra of the samples were collected by using a Thermo Nicolet Nexus 760 FT-IR spectrometer system. The recorded FT-IR spectra are presented in Fig.4 and the bands are assigned as follows.
The bands corresponding to the presence of SiO 2 NPs are at 755 [7] , 815 [8, 9] , and 1103 cm -1 [9] related to Si-C, symmetric and asymmetric stretching Si-O-Si bond that were increased by adding SiO 2 NPs contents up to 2wt. %. Two peaks are related to N-H bonds of urethane groups at 1540 [10] and 3340 cm -1 [11] . The peak at 1400 [12] are assigned to the secondary reaction between isocyanate and urethane groups of PUOC that the intensity of it in 1wt. % SiO 2 is higher that another nanocomposite of PUOC. Additionally, the hydrogen bonding index (R) and the degree of phase separation (DPS) are related to each other by the following equation: DPS = R R(R + 1) ⁄ . The R factor was used for detecting of position of SiO 2 into PUOC and physical properties of the synthesized samples. According to Fig. 2 , the ratio of absorption peak of hydrogen bonding to hydrogen free of carbonyl group as R = A A ⁄ , where the A is the absorbance peak intensity of 1708 cm -1 and A is the absorbance peak intensity of 1720 cm -1 . It is suggested if by increasing amount of SiO 2 into PUOC the amount of R increases too, SiO 2 NPs tend to disperse in soft segment of PUOC that is related to free carbonyl groups. In our research R is increased up to 1 wt. % SiO 2 and then decreased up to 2wt. % vice versa the amount of DPS that the data anticipate silica NPs are dispersed in soft segments of PUOC/1wt. % SiO 2 but it is dispersed in hard segments of PUOC/2wt. % SiO 2 . This procedure is repeated for DPS behavior. The experimental data are given by Table 1 . Raman Spectra of PUOC/SiO 2 . Raman experiments were conducted at room temperature in a backscattering geometry by using a Thermo Nicolet Almega dispersive micro-Raman spectrometer operating by a 532nm light emitted as the second harmonic from a Nd:YLF laser. The possible interaction between SiO 2 NPs and PUOC foams was evaluated by analyzing the recorded Raman spectra shown in Fig.5 . The C-H wagging bond was appeared in all samples at 870 cm -1 [13] in which it was shifted to higher wave-numbers by increasing the amount of SiO 2 NPs in PUOC matrix. The Raman peaks at 646 cm -1 [13] , 1040 cm -1 [14] and 487 cm -1 [15] are related to C-C-C bending, Si-O-Si stretching vibration bond and Si-O-Si rocking mode, respectively, that are shifted to higher wave-numbers by increasing the amount of SiO 2 NPs in polymer matrix. There is C-C stretching bond at 1595 cm -1 [13] in all specimens that the intensity of it in PUOC/2wt. % SiO 2 is stronger than the others. Water Up taking. The samples were cut to 10 mm × 10 mm dimensions with 1mm thickness for determining the water absorption of them. The W d is dry weights of samples were dried in a
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Ultrafine Grained and Nano-Structured Materials IV vacuum oven for 24 hours and W t is the wet weight of soaking samples in deionised water at room temperature at different immersion times up to 96 hours. The following relation was used for water absorption of the samples [16] :
The mean of three different readings was taken. Fig. 6 shows the water absorption of PUOC/SiO 2 NPs. The most water up taking of samples is related to PUOC/1 wt. % SiO 2 NPs. The inherent hydrophilic of SiO 2 NPs causes the water up taking of pure PUOC be the least of samples.
Open, Close and Total Porosity. An important agent in producing porosity is the blowing agent that produces the micro voids in the cell strut. By the whole, the fraction of the total volume that is non-occupied is porosity [17] . Fig. 7 shows the total porosity, open porosity and closed porosity of the PUOC and SiO 2 NPs loading fractions. The higher open porosity is a good mark for being better sound absorption.
The percentage of total porosity of the samples was evaluated by using the following equation:
In PUOC foams the total porosity of samples was decreased by adding SiO 2 NPs into blank PUOC foam. An appropriate factor for sound absorption is the open porosity of samples [18] . Considering water absorption data and focucing on the saturation time of samples, the volume of water was measured by using the following relation:
where is the mass of water saturated foam and is the dry mass of samples that can take after being in oven. If the divides by the first volume of foam, the percentage of open porosity of samples will obtain and the percentage of close porosity is the difference between open porosity and total porosity of samples.
In PUOC nanocomposites by increasing the SiO 2 NPs loading fraction, the open porosity of PUOC nanocomposites increased since the open porosity of them reaches a maximum of up to about 66% higher than the blank PUOC foam for 2wt. % SiO 2 content. Furthermore, by decreasing cell size of the samples the open porosity increases because decreasing of the mean cell size tends to higher conductivity of water into samples and causes more water absorption of them. 
Summary
Two PU hybrids with SiO 2 NPs were prepared. By increasing the amount of SiO 2 NPs up to 1wt.% the hydrogen bonding index (R) and the degree of phase separation (DPS) was increased and then decreased up to 2wt.% SiO 2 NPs into polymer matrix. The water absorption of samples has shown the PUOC/1wt. % SiO 2 NPs was the best sample considering of absorbing water. Furthermore the open porosity of PUOC was four times than blank PUOC by adding SiO 2 NPs up to 2wt. %. The apparent and real density of samples by adding SiO 2 NPs was increased. The main factor for increasing theses factors was SiO 2 NPs.
